Abstract In a population-based cohort study of 5,014 women with stage 0-III breast cancer, we evaluated weight change patterns from diagnosis to 6, 18, and 36 months post-diagnosis. Patients were recruited to the study approximately 6 months after cancer diagnosis between 2002 and 2006 and followed through 36 months postdiagnosis. The medians of weight change from diagnosis to 6, 18, and 36 months post-diagnosis were 1.0, 2.0, and 1.0 kg, respectively. Approximately, 26% of survivors gained C5% of their at-diagnosis body weight during the first 6 months after diagnosis, while 37% and 33% of women gained the same percentage of weight at 18 and 36 months post-diagnosis. More weight gain was observed among women who had a more advanced disease stage, were younger, had lower body mass index at diagnosis, were premenopausal, or received chemotherapy or radiotherapy during the first 6 months after cancer diagnosis. Multivariate analyses indicated that age at diagnosis, body size, comorbidity, and disease stage independently predicted weight gain from diagnosis to 36 months postdiagnosis. In summary, weight gain is common over the first 3 years after breast cancer diagnosis among Chinese women. More research is needed to investigate measures to prevent weight gain in breast cancer survivors.
Introduction
Weight gain is common among women diagnosed with breast cancer in Western countries [1] [2] [3] [4] , and usually ranges between 1 and 6 kg during the first year after a diagnosis of breast cancer [1, 2, [5] [6] [7] [8] . Several studies have reported that weight gain is associated with negative effects on health outcomes, such as lower quality of life (QOL) and poor breast cancer prognosis [2, 3, [8] [9] [10] . Sociodemographic characteristics including age [7, 11] and menopausal status [1, 4, 7, 11] have been found to be related to weight gain after cancer diagnosis. Although clinical factors such as disease stage and adjuvant treatment have been suggested to increase the risk for weight gain [1, 2, 4, 7, 11] , the existing evidence is inconsistent.
To date, most studies on weight change after breast cancer diagnosis have had small sample sizes and have focused on the first year after cancer diagnosis [1, 4, 6, 7, [11] [12] [13] [14] [15] . Few prospective cohort studies have examined weight change at different time points, such as during the second and the third year after cancer diagnosis, when most women have completed cancer-related treatments. Furthermore, most existing research on weight change has been conducted in Western countries where the prevalence of obesity is relatively high [1, 4, 6, 7, [11] [12] [13] [14] . Differences in the prevalence of obesity may reflect differences in dietary intake and other lifestyle behaviors between Asian and Western populations, which may translate into different weight change patterns after breast cancer diagnosis. However, to our knowledge, only one report from a small retrospective study of Asian women conducted in Korea has been published. That study found no weight gain after adjuvant treatment among women diagnosed with early stage breast cancer [15] , which is inconsistent with previous findings from Western countries [1] [2] [3] [4] . Characterizing weight change patterns and potential risk factors based on large, population-based, cohort studies would be useful in the development of strategies for weight control among Asian women after breast cancer diagnosis.
In this report, we investigated the patterns of weight change from diagnosis to 6, 18, and 36 months after cancer diagnosis and the potential sociodemographic and clinical risk factors for weight change in a population-based cohort study of Chinese women diagnosed with breast cancer.
Methods

Study setting, subjects, and design
The Shanghai Breast Cancer Survival Study (SBCSS) is a population-based cohort study [16, 17] . Through the population-based Shanghai Cancer Registry, 6,299 women aged 20-75 who were newly diagnosed with incident breast cancer between 1 April 2002 and 31 December 2006 were identified and invited to participate in the study approximately 6 months after cancer diagnosis. Overall, 5,042 women (80.0%) provided written, informed consent and participated in the first 6 months post-diagnosis in-person interview. The vast majority of study participants ([94%) are Han Chinese. Participants are being followed through additional in-person interviews administered at approximately 18, 36, and 60 months after cancer diagnosis. Since women diagnosed with stage IV cancer may undergo very different cancer-related treatments compared to women with earlier stage disease, we excluded from the analysis 28 women with TNM stage IV cancer at diagnosis. Therefore, a total of 5,014 cases with stage 0-III cancer were included in the current study of weight change. All of study participants were contacted for the 18-month postdiagnosis interview. Of these women, 4,554 women completed the 18-month post-diagnosis interview, and 100 died before the 18-month post-diagnosis interview. The remaining 360 cases did not participate in the 18-month post-diagnosis interview either because they refused or because they were unavailable during the interview period. After further excluding 10 participants with missing information on weight at the 18-month post-diagnosis interview, 4,544 participants remained for the analysis of weight change between diagnosis and 18 months postdiagnosis. The 36-month post-diagnosis interview was completed by 4,140 SBCSS participants, and 196 deaths were identified before the interview. After excluding 678 women who refused to be interviewed or were unavailable during the interview period and three cases with missing weight information, 4,137 cases remained for the analysis of weight gain from 18-to 36-months post-diagnosis. Study participation was volunteer based, and no incentives were used. The SBCSS was approved by the institutional review boards of all institutions involved in this study.
Data collection
Structured questionnaires were administered by trained interviewers through in-person interviews to collect information on sociodemographic and clinical characteristics. Age at diagnosis, education, monthly household income, marital status, menopausal status, menopausal symptoms, lifestyles, and QOL were assessed. Disease-and treatmentrelated information was collected, including stage of tumor-node metastasis (TNM) at diagnosis, estrogen receptor (ER) and progesterone receptor (PR) status, type of surgery, chemotherapy, radiotherapy, immunotherapy, and tamoxifen use. In addition, medical charts were reviewed to verify diagnosis, treatment, and disease stage information. ER and PR status were included in the analyses in the following joint categories: ER?/PR? (receptorpositive), ER-/PR-(receptor-negative), and ER-/PR? or ER?/PR-(mixed). A Charlson comorbidity index was created based on the validated comorbidity scoring system [18] and the diagnostic codes from the International Classification of Disease, 9th revision (ICD-9) [19] .
Anthropometric measurements
Trained staff measured weight at approximately 6, 18, and 36 months after breast cancer diagnosis and height at approximately 6 months after cancer diagnosis. All measurements were taken twice according to a standard protocol. Participants were also asked to report their weight 1 year before diagnosis and at diagnosis. BMI (weight in kilograms divided by the square of height in meters) at 6, 18, and 36 months post-diagnosis and weight change from diagnosis to 6, 18, and 36 months post-diagnosis were calculated. Weight at cancer diagnosis was also collected through review of medical charts for 95% of study participants. Overweight and obesity from 1 year pre-diagnosis to 36 months post-diagnosis were categorized according to the World Health Organization (WHO) guidelines for international use [20] and for Chinese populations [21] .
Statistical analysis
The primary outcome variable was weight change from cancer diagnosis to 6, 18, and 36 months after diagnosis. Descriptive statistics of weight change were calculated across sociodemographic and clinical factors, including age at diagnosis, education, income, BMI at diagnosis, marital status, menopausal status, menopausal symptoms, comorbidity, relapse/metastasis, cancer-related treatments, ER/ PR status, TNM stage, and BMI. Pearson correlation analysis was conducted to estimate the correlation between medical chart-derived and self-reported weight information. Percentage (%) of weight change during the 6, 18, and 36 months after diagnosis was calculated as (100*(weight at specific study time point-weight at diagnosis)/weight at diagnosis).
The t-test or one-way analysis of variance (ANOVA) was applied to compare differences in weight change by sociodemographic and clinical factors. Multivariate linear analysis was conducted to examine the associations of weight gain with sociodemographic and clinical factors. All factors that were significantly associated with weight change in the univariate analysis were further evaluated in the multivariate models. We adjusted for age at diagnosis, education, and income in the multivariate models to control for age-related weight change and the influence of socioeconomic status on weight change. We also conducted additional analyses restricted to women for whom we had weight information abstracted from medical charts and found similar results. All tests were performed by using Statistical Analysis Software (SAS, version 9.1; SAS Institute, Inc., Cary, North Carolina). The significance levels were set at P \ 0.05 for two-sided analyses.
Results
Of the 5,014 participants, the mean age at diagnosis was 53.5 years (SD: 10.0). Approximately 51% of women were postmenopausal, and 72% reported menopausal symptoms after breast cancer diagnosis. Overall, 20% of participants had serious comorbidities. Approximately, 50% of women had ER/PR positive tumors, 28% had ER/PR negative tumors, and 20% had mixed (ER?/PR-, or ER-/PR?) tumors. In total, 37% of women were diagnosed with stage 0-I breast cancer, 49% with stage II, and 9% with stage III. The correlation coefficient between weights obtained from medical chart review and self-reported weight at diagnosis was 0.92. There were no significant differences in sociodemographic or clinical characteristics between women who were included in the current study and those who were not (data not shown). Figure 1 shows the prevalence of overweight and obesity between 1 year pre-diagnosis and 36 months postdiagnosis. Based on WHO criteria, 27% of women were overweight (BMI: 25.0-29.9), and 5% were obese (BMI C 30) at diagnosis (Fig. 1a) . The prevalence of overweight and obesity at 18 months post-diagnosis was 34% and 6%, respectively. Based on Chinese criteria for overweight and obesity, the rates of overweight (BMI: 24-27.9) and obesity (BMI C 28) were 31% and 12% at diagnosis, 36% and 13% at 6 months post-diagnosis, and 38% and 14% at 18 months post-diagnosis, respectively (Fig. 1b) . Overall, the number of overweight and obese women increased over the 36 months after diagnosis. Figure 2 summarizes weight change ( Fig. 2a) and percent of weight change (Fig. 2b ) from diagnosis to 6, 18, and 36 months after diagnosis for women who had complete weight information during the follow-up surveys. Of these women, 39%, 51%, and 46% gained C2 kg and 15%, 24%, and 21% gained C 5 kg between diagnosis and 6, 18, and 36 months post-diagnosis, respectively. Overall, 10%, 16%, and 15% of women gained C10% of their body weight between diagnosis and the three follow-up surveys, respectively. During the first 6 months post-diagnosis, 14% of women had lost [2 kg; this figure changed to 13% at 18 months and 17% at 36 months post-diagnosis (Fig. 2a) . At 6 months post-diagnosis, 11% of women had lost [5% of their at-diagnosis body weight; this figure changed to 10% at 18 months and 14% at 36 months post-diagnosis, respectively (Fig. 2b) . Table 1 presents the mean weight change from diagnosis to 6 months post-diagnosis stratified by sociodemographic and clinical characteristics. During the 6-month post-diagnosis period, the median weight gain was 1.0 kg. Greater weight gain was observed among breast cancer patients who were younger at diagnosis and who were premenopausal, had a lower comorbidity index, received chemotherapy or radiotherapy, had a more advanced stage of disease, and were underweight at cancer diagnosis. Analyses based on weight information obtained through medical chart review yielded similar results (data not shown). Table 2 presents weight change from diagnosis to 18 months after diagnosis. During the 18-month postdiagnosis period, the median weight change was 2.0 kg. Similar to the weight gain pattern for the first 6 months after cancer diagnosis, younger women and premenopausal women gained more weight than older women and postmenopausal women. Women with menopausal symptoms gained more weight than women without menopausal symptoms, while women with more serious comorbidities were more likely to lose weight. Chemotherapy, radiotherapy, and advanced cancer stage were significantly associated with more weight gain. No significant differences in weight change were observed by tamoxifen use or immunotherapy. The percentage of women who used aromatase inhibitors were very low in this study population (\1%), which prevented a detailed analysis.
From diagnosis
Percent (%)
Weight change from diagnosis to 36 months after diagnosis is summarized in Table 3 . Women who were younger at diagnosis, had higher income, were premenopausal, received chemotherapy or radiotherapy, or had advanced disease stage were more likely to gain weight. Higher comorbidity index and higher BMI were both significantly related to weight loss. Table 4 presents the results of multivariate analysis for weight gain in association with variables, which were significantly related to weight gain in univariate analysis. Age at diagnosis, education level, BMI at diagnosis, comorbidity index, and disease stage were significantly and independently associated with weight gain between diagnosis and 36 months post-diagnosis. We did not find that cancerrelated treatments were independent predictors for weight gain among breast cancer survivors (data not shown). * 'Unknown' group was excluded from p value test a Based on Chinese criteria for overweight and obesity [21] Cancer Causes Control (2010) 21:621-629 625
Discussion
Our population-based cohort study shows that weight gain is common among Chinese women within 18 months of breast cancer diagnosis, and weight gain is sustained afterward. During the first 6 months after cancer diagnosis, the median weight change was a gain of 1 kg. From diagnosis to 18 months post-diagnosis, weight gain was 2.0 kg and from diagnosis to 36 months post-diagnosis was 1.0 kg. Based on Chinese criteria, the prevalence of overweight and obesity was 31% and 12% at diagnosis. It is encouraging to find that women with a higher BMI at diagnosis are more likely to lose weight rather than gain weight after cancer diagnosis, as was observed by Rock et al. [11] . Weight gain is a big concern for many women after breast cancer diagnosis in Western countries [1, 2, [4] [5] [6] [7] 11] . McInnes et al. [4] found that 63% of US women with early stage (I-II) breast cancer experienced weight gain at 1 year after adjuvant chemotherapy, and 68% and 40%, respectively, maintained significant weight gain after 2 and 3 years [4] . In a study of 535 women with newly diagnosed breast cancer in Canada, Goodwin et al. [1] observed that 84% of women gained weight during the year after adjuvant treatment; the mean weight gain was 1.6 kg in women who received chemotherapy, 1.3 kg in women who received tamoxifen only, and 0.6 kg in women who did not receive adjuvant treatment. The Women's Healthy Eating and Living (WHEL) Study examined 1,116 US women with stage I-IIIA breast cancer and found that the mean weight change was a gain of 2.7 kg; 60% of women reported weight gain, 26% reported weight loss, and 14% reported no weight change within the 4-year post-diagnosis period [11] . These findings are comparable with what we observed in our Chinese population, although the prevalence of obesity (BMI C 32.2) in the WHEL study was much higher (13.2%) than our study.
To date among Asian populations, only one small retrospective study of weight change after breast cancer diagnosis has been conducted. That study evaluated 260 patients in Korea with stage I-III breast cancer and reported no weight gain after adjuvant treatment [15] . The mean weight change in the Korean study was -0.3 kg at 1 year and -0.4 kg at 2 years after cancer treatment, and only 10% of women gained more than 5% of baseline body weight at 1 year [15] , which is inconsistent with the findings of studies conducted in Western countries [1, 4, 6, 7, 13, 14] . In contrast, our study indicated that 37% of women gained C5% of baseline body weight between diagnosis and 18 months post-diagnosis, which is remarkably different from the findings in the Korean population, but consistent with the results of Western studies. Differences in study design, cancer stage, or characteristics of the study populations may account for the discrepancy between our study and the Korean study. Our large, population-based, cohort study suggests that among Chinese breast cancer survivors, despite the relatively low prevalence of obesity, the weight change pattern is similar to that observed in Western populations.
Previous studies have investigated the association of sociodemographic factors with weight change after cancer diagnosis, and results have been inconsistent [1, 2, 4, 7, 8, 11, 14, 22, 23] . Age has been previously reported as a risk factor for weight change among women with breast cancer [7, 11] . In our study, we found that women who were younger at diagnosis were more likely to gain weight than older women. Education was also independently and significantly related to weight gain in our study, consistent with the findings by Rock et al. [11] .
Several biological mechanisms have been proposed for the weight gain observed among breast cancer survivors, including change in menopausal status, chemotherapy, hormone therapy, and metabolic rate [1, 2, 11] . We observed that premenopausal status was significantly related to more weight gain, which was consistent with previous studies [4, 8, 23] , but contradictory to findings from the Health, Eating, Activity, and Lifestyle (HEAL) study [7] . In that study, 514 white women diagnosed with 0-IIIA breast cancer in the US were evaluated; more weight gain was observed only among younger postmenopausal women [7] . It has been proposed that premenopausal women may be more likely to develop amenorrhea over the course of cancer-related treatments and tend to gain more weight than postmenopausal women [22] . However, the menopausal association was attenuated after adjustment for other risk factors in our study.
The association between cancer-related treatments and weight change has been examined with mixed results [1, 7, 8, 11, 15, 22, 23] . Tamoxifen use has been linked to more weight gain in some clinical trials [24, 25] but not in others Cancer Causes Control (2010) 21:621-629 627 [26] . In our study, tamoxifen use was not significantly related to weight gain. Some studies conducted in Western countries have shown that chemotherapy is related to weight change [1, 7, 11] . For example, in a cohort of 535 women with newly diagnosed breast cancer, Goodwin et al. [1] observed that adjuvant chemotherapy was a strong and independent clinical predictor of weight gain. The HEAL study reported that receiving chemotherapy was associated with greater weight gain [7] . The Korean study found that women with early stage breast cancer did not gain weight after adjuvant treatment [15] . In our study, women who had received chemotherapy or radiotherapy were more likely to gain weight than women who did not. However, the association was no longer significant after adjustment for other factors. Consistent with the results of the HEAL study [7] , we found more weight gain among women with an advanced stage of breast cancer. Earlier research has reported that comorbidities such as diabetes and cardiovascular disease may not be related to weight change [7] . However, we found that the existence of serious comorbidity was inversely associated with weight change. Women with more severe comorbidity were more likely to lose weight.
When interpreting our findings, some limitations should be noted. First, weight at one year before diagnosis and at diagnosis was based on self-reports, and misclassification can occur when self-reported weight is used. However, previous validation studies have shown that self-reported weight is accurate [27] , and most epidemiological studies have used self-reported weight and weight change [10, [28] [29] [30] . We observed a high correlation coefficient between self-reported weight at diagnosis and weight from review of medical charts (r = 0.92), indicating that self-reported weight is reliable in our study population. Second, no data on body composition change were available, therefore it is difficult to determine whether weight change observed in our study reflects any change in body composition among these breast cancer patients and survivors. The relatively short follow-up period is another limitation. Our ongoing follow-up study will allow us to examine the long-term patterns of weight change after breast cancer diagnosis and the impact of these patterns on breast cancer outcomes.
In summary, our large population-based cohort study indicates that weight gain after a diagnosis of breast cancer is common over the 36-month post-diagnosis period in Chinese population. Age at diagnosis, comorbidity, disease stage, and being underweight at cancer diagnosis are independent predictors for weight gain. Further research is warranted about the effect of modifiable lifestyle factors and genetic variations on weight gain. Appropriate weight control strategies should be developed for women with breast cancer.
